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FOREWORD

The Long-Term Pavement Performance (LTPP) program Specific Pavement Studies 6 (SPS-6)
experiment, “Rehabilitation of Jointed Portland Cement Concrete Pavements,” is one of the key
experiments of the LTPP program. The main objective of this experiment is to determine the
effects of specific rehabilitation design features that directly influence the long-term
effectiveness of rehabilitated jointed plain concrete pavements (JPCP) and jointed reinforced
concrete pavements (JRCP). This report documents the first comprehensive review and
evaluation of the SPS-6 experiment. The evaluation concludes that many important and useful
findings and results can be obtained from the SPS-6 experiment despite several limitations
resulting from not constructing a few of the test sites and the few construction deviations that
occurred. In addition, some materials and traffic data are missing from some sites or sections,
which are important to achieving the objectives of the experiment. These data are now being
sought from the SPS-6 sites.

Some interesting and important early trends have already been identified that will be useful to
the rehabilitation of JPCP, even though the sections were only a maximum of 10 years old at the
time of this study. As time and traffic loadings accumulate on the SPS-6 sites, much more
valuable performance data will be obtained. For example, the direct comparison of the
performance of the designs with and without fractured concrete is of intense interest to State
highway agencies. Future analyses of the performance data from the SPS-6 experiment will lead
to significant new and important findings on the value of: minimum and maximum preparation
with and without an asphalt concrete (AC) overlay; sawing and sealing of AC joints; fracturing
of the concrete pavement prior to an AC overlay; existing concrete pavement conditions prior to
rehabilitation; traffic level; and climate. These findings will lead to more reliable and cost-
effective rehabilitation designs for JPCP.

This report will be of interest to highway agency engineers involved in the design, construction,
and management of the pavements, and also to future researchers who will analyze the
performance of the SPS-6 sections.

Steve Chase, Ph.D.
Acting Director, Office of Infrastructure
Research and Development
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(Revised March 2003)
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1. INTRODUCTION

The Specific Pavement Studies 6 (SPS-6) experiment, ‘“Rehabilitation of Jointed Portland
Cement Concrete Pavements,” was designed as a controlled field experiment that focuses on the
study of specific rehabilitation design features of jointed plain concrete pavements (JPCP) and
jointed reinforced concrete pavements (JRCP). The successful completion of this experiment will
lead to improvements in rehabilitation design procedures and standards for jointed concrete
pavements. These improvements will contribute to achieving the overall goal of the Long-Term
Pavement Performance (LTPP) program: increased pavement life and better use of resources.

This goal will be achieved through investigation of the effects of the specific experimental
rehabilitation design features (overlay thickness and restoration activities) and site conditions
(existing pavement condition, subgrade soil, traffic, and climate) and their interactions on
pavement performance. This will make it possible to evaluate existing rehabilitation design
methods and performance equations; develop new and improved rehabilitation design equations;
and calibrate mechanistic models, including the 2002 Guide for the Design of New and
Rehabilitated Pavement Structures (hereafter known as the 2002 Design Guide).

BACKGROUND

The SPS-6 experimental plans were originally designed to incorporate project sites in all four
LTPP climatic regions and on both fine-grained and coarse-grained subgrades. This requirement
makes it potentially possible to cover a large inferential space of the continental United States. A
major effort was made by the Strategic Highway Research Program (SHRP), the State highway
administrations (SHAs), and the Federal Highway Administration (FHWA) to identify
appropriate SPS-6 sites and to construct all the sections according to their original experimental
design. A wide range of specific data was collected during construction. Extensive field
monitoring data (traffic, profile, cracking, etc.) have been collected from these sections over
time.

The original expectations for the LTPP program are summarized in a SHRP report." Originally,
the following objectives were established for the LTPP program:

e [Evaluation of existing design methods.

e Development of improved strategies and design procedures for the rehabilitation of existing
pavements.

e Development of improved design equations for new and reconstructed pavements.

e Determination of the effects on pavement distress and performance of (1) loading,
(2) environment, (3) material properties and variability, (4) construction quality, and
(5) maintenance levels.

e Determination of specific design procedures to improve pavement performance.

e Establishment of a database to support these objectives and future needs.
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The experimental designs for various LTPP experiments were developed with a clear
relationship to these objectives. The following products were identified for the LTPP program:"
General Products: Evaluation of existing design methods and performance equations, new and
improved design equations, and calibration of mechanistic models.

Specific Products: Effects of the specific experimental design features (asphalt concrete (AC)
overlay thickness, pre-overlay repair, etc.) and site conditions (subgrade, traffic, and climate).

Other Products: Test methods developed specifically for SPS test sections, correlations among
material properties determined by different methods, study of other features and materials, and
technology transfer.

The following objectives of the SPS-5 (Rehabilitation of Flexible Pavements) and SPS-6
(Rehabilitation of Jointed Portland Cement Concrete Pavements) experiments are stated in the
same report:")

“The primary objective of the experiments on rehabilitation of asphalt concrete and jointed
portland cement concrete pavements is to develop conclusions concerning the effectiveness of
different rehabilitation techniques and strategies and their contribution to pavement performance
and service life.”

While the LTPP program has been oriented toward research, the client agencies (SHAs) expect
“down-to-earth” implementable products that will help the agencies better manage their highway
networks. Specifically, the highway agencies expect that the overall LTPP program and,
specifically, the SPS experiments will contribute significantly toward improving knowledge in
the following areas:

e Controllable pavement design and construction factors that are under the direct control of the
design agency and/or the constructor (e.g., overlay thickness).

e Conditional factors affecting pavement performance (factors cannot be directly controlled by
the agency for a given project and include traffic loading, climatic factors, and subgrade
soils).

e Performance evaluation of various design features for new and rehabilitated pavements.

e Development of improved design techniques incorporating distress-specific, mechanistic-
based predictive models.

e Distress-specific rehabilitation strategies and improved design techniques incorporating
distress-specific, mechanistic-based predictive models.

e Optimal timing for rehabilitation intervention.
e Optimal maintenance strategies.

e Improvements in pavement management, including data collection activities.
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e Pavement policy issues, such as cost allocation among highway users and life-cycle cost-
analysis models.

e Supplemental sections may add to the specific knowledge of the SHA that constructed the
section.

As the SPS experiments have been constructed and monitored over time, concerns have been
expressed regarding their ability to satisfactorily meet these expectations. These concerns
include:

e Lack of more detailed expectations and objectives from each of these SPS experiments.

e Ability of the SPS experiments to meet expectations in terms of the quality and completeness
of the data available now and in the future.

e Deviations in the design and construction features of an in-place test section (e.g., layers built
to a different thickness or lack of compaction of the subgrade).

e Deficiencies in construction, materials, climate, traffic, and performance data in relation to
current and future analytical needs.

It is known that some of these SPS projects were not constructed in some climatic areas because
of lack of interest by the SHAs or lack of suitable sites, leaving a portion of the desired
inferential space with no performance data. It is also known that some of the SPS projects, as
constructed, are not in complete conformity with the original experimental plans. Despite best
efforts, the amount of inventory and monitoring data that has been collected from these sections
during construction and for several years afterward may be deficient.

The full extent of the deviation and the potential impact of that deviation have not yet been fully
evaluated for most of the SPS experiments. Thus, this study was initiated to conduct a
comprehensive review of all SPS-6 experiment sites. This review compares the experiment sites
as they exist today with the original expectations and, in addition, compares these projects as
they exist today with any new expectations for the 21% century. For example, there is a greater
emphasis on mechanistic-based design now than existed a decade ago. This review provides a
sound basis for:

¢ Planning remedial actions that may be warranted because of various deficiencies in
construction or data collection.

e Decisions about future monitoring and data collection.

¢ Planning future analysis of the collected data.

Issues of experimental design (e.g., existence of planned SPS projects), construction quality, data
quality, and data completeness (with respect to both current data collection guidelines and

anticipated pavement engineering needs) should be addressed.
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The SPS-6 projects were constructed between 1989 and 1998 and, thus, many are fairly young
and may not yet directly support analytical activities to improve the level of knowledge in many
of the areas listed above. However, a number of the SPS-6 sections have exhibited distress,
allowing some preliminary evaluations to be made. However, no indepth assessment has yet
been undertaken to determine to what extent the SPS-6 experiment will provide the necessary
data to ensure that the broader expectations of each experiment are attained.

This evaluation of SPS-6 is being conducted at the same time and in coordination with the
evaluation of SPS-1 (new flexible pavement), SPS-2 (new rigid pavement), and SPS-5
(rehabilitated flexible pavement).

STUDY OBJECTIVES

This review concentrates on the core experiment sections that were included in the experimental
design for the SPS-6 project. In addition, the SHAs often added supplementary sections to each
SPS-6 project that do not fit any formal controlled experimental plan. The value of these sections
was also evaluated.

The objectives of this study are:

1. Identify specific objectives and expectations that should be pursued for the SPS-6 experiment
given the original expectations and the needs of the future. Consider the expectations at the
local SHA level, the regional level, and the national level as appropriate.

2. Evaluate the set of core and supplemental test sections constructed in the SPS-6 experiment
in relation to their ability to support the objectives and characterize the overall “health” and
analytical potential of each SPS-6 experiment. Identify areas of strength and weakness, and
develop a plan of recommended corrective measures, as appropriate, to strengthen the SPS-6
experiment and to accomplish its objectives. Develop analytical plans for both short-term and
long-term horizons.

3. Identify the confounding factors introduced into each SPS-6 experiment evaluated by virtue
of construction deviations or other factors not accounted for in the original experimental
design.

4. Evaluate the quality and completeness (in relation to the current data collection requirements)
of the SPS-6 construction data. Provide recommendations for the resolution/correction of
data that are anomalous or of inadequate quality.

5. Evaluate the adequacy of existing data and current data collection requirements in relation to
anticipated analytical needs. Identify areas where current requirements are excessive or
deficient, and provide recommendations where adjustments (in quantity, quality, frequency,
or data type) are warranted.

6. Consider both short-term and long-term time horizons in the evaluation and preparation of
data analysis recommendations.



7. Evaluate the opportunities for local, regional, or national analysis of the core and
supplemental sections.

REPORT ORGANIZATION

This report first focuses on the original SPS-6 experimental design and compares this to the
SPS-6 projects actually constructed. Chapter 3 reviews the availability and completeness of the
SPS-6 experiment data. Chapter 3 also includes a detailed discussion of the quantity and
percentage of level E (releasable to the public) data available in the Information Management
System (IMS) database. Chapter 4 presents achieved versus required testing frequency at these
sites. Chapter 5 compares the designed versus constructed section parameters. Chapter 6 contains
a status assessment of each of the SPS-6 experimental projects. Initial evaluations of the key
performance trends are then discussed in chapter 7. Chapter 8 provides a summary, conclusions,
and recommendations. Appendix A presents a summary of the SPS-6 projects that were
constructed. The materials testing information is summarized in appendix B. Finally, all of the
monitoring activities from IMS are listed in appendix C.






2. SPS-6 EXPERIMENTAL PLAN

This chapter describes the SPS-6 experimental plan, including a detailed discussion to define the
SPS-6 experimental design matrix and the current status of the design cells (constructed sections)
as nominated. It is important to note that even if a site is nominated to a specific cell of the
design matrix, the actual properties of the site, such as climatic factors, may result in the site not
meeting the originally nominated characteristics. For example, a site nominated as being in the
dry-freeze zone may have too much annual precipitation to be classified as “dry” and is actually
“wet,” resulting in a wet-freeze site rather than the nominated dry-freeze site.

ORIGINAL DESIGN FACTORIAL

The SPS-6 experiment examines the effects of climatic factors (wet-freeze, wet-no freeze, dry-
freeze, or dry-no freeze), type of concrete pavement (plain or reinforced), condition of existing
pavement (fair or poor), and traffic rate (as a covariant) on pavement sections incorporating
different methods of rehabilitation with and without AC overlays. Table 1 shows the number of
sites that are required to complete the original design factorial as established by the LTPP
program. The shaded area was not included because there are no JRCP sections in that area of
the country. Note that there are two replicate experiments planned within most cells.

Table 1. Number of sites required to complete original design factorial.

Wet Dry
Freeze No Freeze Freeze No Freeze

Fair 2 2 2 1
JPCP

Poor 2 2 2 1

Fair 2 2 1
JRCP

Poor 2 2 1

REHABILITATION ALTERNATIVES

There are eight different rehabilitation alternatives incorporated into each site of the SPS-6
experiment. These eight rehabilitation alternatives are referred to as the eight core sections of the
experiment. Every site constructed as part of the SPS-6 experiment must contain the eight core
pavement sections. These rehabilitation alternatives include variations in pavement preparation,
restoration, AC overlay thickness, and additional treatments (saw and seal).

Table 2 lists the eight core experiment sections required for an SPS-6 project. Each section varies
by a combination of the extent of pavement preparation, other treatments (saw and seal of the
AC overlay), and the overlay thickness. It was also required that at least six of these core
sections have 152-meter (m) (499 foot) nondestructive performance monitoring areas and that
two have 305-m (1,000 foot) areas, with an additional 15 m (49 feet) on each end for destructive
testing. In addition, traffic in the test lane must also exceed 200,000 equivalent single-axle loads
(ESALs) per year (rigid ESALSs).



Table 2. Core sections of SPS-6 experiment.

SPS-6 Section | PCC Pavement Preparation Other Treatments Overlay Thickness
01 Routine maintenance -
02 Minimum restoration -
03 Minimum restoration - 102 mm
04 Minimum restoration Saw and seal joints in AC 102 mm
05 Maximum restoration -
06 Maximum restoration - 102 mm
07 Crack/break and seat — 102 mm
08 Crack/break and seat - 203 mm

1 mm =.039 inch

If desired by the participating SHA, additional sections incorporating other types of
rehabilitation variations in pavement preparation, other treatments, or overlay thicknesses were
included. For example, the supplemental sections included variations in the crack/break and seat
dimensions, rubblized pavements, varying AC overlay thicknesses, use of fabrics and fibers, and
other features. The State-selected supplemental sections are discussed in more detail later in this
chapter.

A discussion of the various levels of preparation, other treatments, and AC overlays follows.
Portland Cement Concrete (PCC) Pavement Preparation

The control section received routine maintenance, including joint and crack sealing, and limited
patching. In addition to the control section, three levels of pavement preparation were applied:
minimum preparation, maximum preparation, and crack/break and seat. The preparation
techniques are discussed below:

Minimum Preparation: Consists of routine maintenance, which includes limited patching
(filling potholes), crack repair and sealing, and stabilization of joints. This level of rehabilitation
is typical of the current practices of many highway agencies prior to overlay. Note that some of
these minimum-preparation sections also included diamond grinding when faulting was severe.

Maximum Preparation: Consists of several activities, depending on pavement distress and
condition. This level represents a premium level of pavement preparation, including subsealing,
subdrainage, joint repair and sealing, full-depth repairs with restoration of load transfer, diamond
grinding (nearly always), and shoulder rehabilitation. Diamond grinding and joint and crack
sealing were not performed on sections that received an AC overlay and, in at least one case, not
on the bare concrete sections.

Crack/Break and Seat: Uses mechanical means to reduce slab size to minimize or eliminate
reflection cracking in the AC overlay. The cracking and seating process is used with JPCP and
the breaking and seating process is used with JRCP. The fracturing (cracking and/or breaking) is
intended to produce hairline cracks through the full depth of the PCC slab, plus fractures in any
reinforcing steel, when present, so that all reinforcing materials are completely separated.
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Other Treatments

The only other special AC overlay reflection treatment included in the core experiments is saw
and seal. For the SPS-6 section ***604, with a 102-millimeter (mm) (4-inch) -thick AC overlay,
sawing was performed directly above the existing joints and cracks of the PCC pavement. No
other treatments were included as part of the core experiment; however, several SHAs provided
supplemental sections using other treatments, such as fabric interlayers or fibrous AC overlays.

AC Overlays

The study design includes two overlay thicknesses (102 and 203 mm (4 and 8 inches)). The 102-
mm (4-inch) overlays were placed on sections receiving the minimal restoration level of
pavement preparation, the maximum restoration, and the crack/break and seat pavement
preparation. In addition, a minimum-rehabilitation section with a 102-mm (4-inch) overlay, in
which joints are sawed above the existing PCC joints and then sealed, was included. Also
included in the experiment is a 203-mm (2-inch) overlay placed on the cracked/broken and
seated section.

The overlays allowed for use on the sections were constrained to ensure a reasonable level of
consistency as indicated below:

e All overlays must use virgin AC material.

e Application does not incorporate stress-absorbing membrane interlayer (SAMI) or any type
of reinforcement (e.g., fibers and geotextiles).

AS-NOMINATED DESIGN FACTORIAL

As of August 1999, the SPS-6 experiment had 14 sites located throughout the United States. The
distribution of the currently constructed SPS-6 sites by State and geographical region is shown in
figure 1. Table 3 provides a list of all of these sections, including the core and State supplemental
sections. Each site has the same core of eight standard test sections. In addition, many State
agencies have included additional sections, which are referred to as State supplemental sections.
Currently, a total of 112 core sections and 59 State supplemental sections have been constructed
for SPS-6 experiments.

Each site was nominated to fill a specific cell of the design matrix. Table 4 shows how each of
the nominated/constructed SPS-6 sites fills the design matrix. Cells containing one or more
asterisks highlight a missing site in the design matrix. These asterisks clearly show that 11 sites
were not constructed. Unfortunately, no additional SPS-6 sites will be constructed. Therefore, the
empty portion of the design matrix will remain unfilled. These missing sections will ultimately
impact the potential for rehabilitation findings for these site conditions. A detailed description of
each SPS-6 section, including the supplemental sections, is provided in appendix A. This
information highlights the rehabilitation efforts performed and any significant deviations from
the initial experimental design factorial.



;: b * SPS-6 Site Locations

Figure 1. States participating in SPS-6 PCC rehabilitation study.
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Table 3. SPS-6 pavement sections.

State State Code Core Sections Supplemental Sections
Alabama 01 010601-010608 010661-01063
Arizona 04 040601-040608 040659-040669
Arkansas 05 05A601-05A608 -
California 06 060601-060608 060659-060664
Ilinois 17 170601-170608 170659-170664
Indiana 18 180601-180608 180659-180672
Towa 19 190601-190608 190659
Mississippi 26 260601-260608 260659
Missouri 29 290601-290608 290659-290666
Missouri 29 29A601-29A608 —
Oklahoma 40 400601-400608 -
Pennsylvania 42 420601-420608 420659-420662
South Dakota 46 460601-460608 460660-460662
Tennessee 47 470601-470608 470661-470662

Total Number of Sections 112 59

Table 4. Nominated and constructed sites for original design factorial.

Wet Dry
Freeze No Freeze Freeze No Freeze
Fair MO(A)* AL, TN SD* *
JPCP
Poor IN* AR* AZ, CA *
Fair IA, MI, PA OK* *
JRCP
Poor IL, MO ** *
Notes:

e Each * indicates that an additional site is needed to complete the original design matrix.
e MO(A) is the second SPS-6 site constructed in Missouri; the first site is designated as MO.

STATE SUPPLEMENTAL SECTIONS

In addition to the eight core sections required by the SPS-6 experiment, the SHAs have included
additional experiment sections (referred to as State supplemental sections). Table 5 lists the
design variables selected by a given SHA for nonfractured PCC pavements, and table 6 lists the
supplemental sections with fractured PCC pavements as a form of rehabilitation. Based on the
number of supplemental sections in these tables, it appears that there is interest by the SHAs in

the performance of fractured PCC pavements as a rehabilitation alternative.

Both of these tables highlight rehabilitation design variables that interest the SHAs. Many SHAs
are interested in the performance of design features that were not included within the eight core
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sections of the experiment to determine their potential influence on the performance of the
rehabilitated pavement section.

SUMMARY

e Twenty-four SPS-6 sites were planned; however, only 14 were actually constructed. These
14 sites will provide performance data for some major areas of the United States where JPCP
and JRCP exist.

e The central portion of the United States was well covered (wet-freeze and wet-no freeze);
however, portions of the west and east coasts were generally not covered (particularly dry
climatic areas).

e Many additional State supplemental sections were added to the core sections. These typically
emphasize reflection crack control sections.
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Table 5. Types of SPS-6 supplemental experiment sections within each State with nonfractured PCC pavement.

Preparation Technique

State

AL

AZ

AR

CA

1A

M1

MO

MO(A)

OK

PA

SD

TN

State preparation and diamond grinding

State preparation and milling

Minimum preparation w/undersealing

State preparation w/83-mm overlay

State preparation w/208-mm overlay

vv

State preparation w/geotextile and 83-mm overlay

State preparation w/102-mm overlay

Minimum preparation w/102-mm overlay with fibers

State preparation w/reinforcing grid and 102-mm overlay

State preparation w/127-mm overlay

Minimum preparation w/140-mm overlay

vV

¢l

Minimum preparation w/140-mm overlay with fibers

vV

Each v represents one experiment section.
1 mm = .039 inch
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Table 6. Types of SPS-6 supplemental experiment sections within each State with fractured PCC pavement.

Preparation Technique

State

AL

AZ

AR

CA

1A

Ml

MO

MO(A)

OK

PA

SD

TN

Crack/break and seat w/reinforcing grid and 102-mm overlay

Crack/break and seat w/102-mm overlay and rubber

vV

Crack/break and seat w/102-mm overlay and fibers

vvv

Crack/break and seat w/107-mm overlay

vv

Crack/break and seat w/107-mm urethane polymer resin
(UPR) overlay

Crack/break and seat w/107-mm modified latex emulsion
(MLE) overlay

Crack/break and seat w/107-mm overlay and reinforcing mesh

Crack/break and seat w/127-mm overlay

Crack/break and seat w/140-mm overlay

vv

Crack/break and seat w/140-mm overlay and fibers

vV
vV

Crack/break and seat w/152-mm overlay

Crack/break and seat w/204-mm overlay

Crack/break and seat w/204-mm overlay with '/5-point saw
cut

Crack/break and seat w/254-mm overlay

Crack/break and no seat w/107-mm overlay

Rubblized w/102-mm overlay

Rubblized w/140-mm overlay

vV

Rubblized w/152-mm overlay

Rubblized w/178-mm overlay

vv

Rubblized w/203-mm overlay

Rubblized w/241-mm overlay

Rubblized w/290-mm overlay

vv

Rubblized w/330-mm overlay

Each v represents one experiment section.
1 mm = .039 inch




3. ASSESSMENT OF DATA AVAILABILITY AND COMPLETENESS

The next step in the SPS-6 experiment review and evaluation study is to assess key data
availability and completeness. LTPP data availability and quality control (QC) are discussed
first. Then, key data elements are assessed for their quality level and completeness. The data
reviews are divided into the following categories for presentation:

General site information.
Climatic data.

Traffic data.

Pavement structure.
Materials data.
Monitoring data.

IMS data release 9.8, obtained on August 10, 1999, was used for this study, with the exception of
the MON PROFILE MASTER table that was obtained on September 12, 1999. In addition, the
monitoring data were updated from data obtained from the IMS on February 1, 2000.

LTPP DATA AVAILABILITY AND QUALITY CONTROL CHECKS

The quality of the data is the most important factor in any type of analysis. From the outset of the
LTPP program, data quality has been considered to be of paramount importance. Procedures for
collecting and processing data were defined (and are modified as necessary) to ensure
consistency across various reporting contractors, laboratories, equipment operators, etc.
Although these procedures formed the foundation of quality control/quality assurance (QC/QA)
and data integrity, many more components of a QC/QA plan were necessary to ensure that the
data sent to researchers were as error-free as practical.

LTPP has developed and implemented an extensive QC program that classifies each of the data
elements into categories based on the location of the data in this QC process. Several
components or steps that comprise the overall QC/QA plan used on LTPP data are discussed
below:

1. Collect Data: Procedures for collecting data are documented for each module in the IMS.
These procedures are intended to ensure that data are collected in similar formats, amounts,
conditions, etc. Documentation references include the Data Collection Guide for Long-Term
Pavement Performance Studies® and various module-specific guides.

2. Review Data: Regional engineers review essentially all data input into the regional IMS
(RIMS) to check for possible errors related to keystroke input, field operations, procedures,
equipment operations, etc. The regional review is intended to catch obvious data collection
errors. In addition, some data are preprocessed before they are entered into the IMS. For
example, PROFCAL software is used on SHRP profilometers to provide a system check by
comparing measurements taken at different speeds. PROFSCAN is a field QA tool that
allows an operator to identify invalid data while still in the field, thus saving costly revisits to
the site.
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3. Load Data in IMS: Some checks are programmed into the IMS to identify errors as data are
entered. The IMS contains mandatory, logic, range, data verification, and other
miscellaneous checks that are invoked during input.

4. Quality Control/Quality Assurance: Once data are input into the IMS and reviewed by
regional engineers, formal QC/QA software programs are run on the data.

Level A: Random checks of the data are performed to ensure correct RIMS to IMS data
transfer.

Level B: A set of dependency checks is performed to ensure that basic essential section
information has been recorded in the IMS. In addition, experiment types are verified based
on the inventory data. These checks are currently being incorporated into the level E checks
for all modules.

Level C: A minimal data search is performed for critical elements (e.g., inventory data
should contain the coordinates of the section, friction data should contain the skid number,
and rehabilitation data should have a code entered to identify each type of work activity).

Level D: Expanded range checks are applied to certain fields to identify data element values
that fall outside an expected range. These checks are more stringent than the input range
checks reviewed by the regional engineers.

Level E: Intramodular checks are employed to verify the consistency of the data within a
data module (e.g., if an overlay is identified in the inventory layer structure, the data of the
overlay should be recorded in the inventory table recording major improvements to the
pavement structure).

Once the QC/QA programs are completed, the regional engineers review the output and resolve
any possible data errors. Often, the data entered are accurate and legitimate, but do not pass a
QC/QA check. When this occurs, the regional engineer can document that the data have been
confirmed using a comments table in the IMS and manually upgrade the record to level E.

Figure 2 provides a flowchart that shows the movement of the data elements and quality checks
completed on the data prior to release to the public. Only a fraction of the data fields are
checked. A value of “A” is automatically assigned to a record upon entry into the database. A
value of “B” indicates that the QC process was executed and a level C check was failed. Any
record for which correct section information is stored in the database is available after the quality
check has been completed. A record of QC processing is included with the record. Since the
checks are run in sequence from A through E, the last successful check is identified on the record
as the record status variable. A value of “B” or “C” does not necessarily indicate that a higher
level of quality check was unsuccessful, merely that a necessary data element was not available
when the quality check was done.

There are numerous reasons why some important data may not be available from a publicly
released IMS database at the time of analysis. The following are some possible examples:
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Figure 2. LTPP data collection and data movement flowchart.




Data have not yet been collected or the laboratory tests have not yet been performed.
Data are under regional review.

Data have failed one of the quality checks and are to be reviewed.

Data have failed one of the quality checks and were identified as anomalies.

Data have not yet been checked for quality.

As such, the unavailable data identified in this report do not necessarily mean that the data were
not collected or submitted by the States. There are several places where data may get held up and
not reach level E. Note that the results reported in this report are based on level E status only.
The LTPP program is embarking on a systemwide effort to resolve all unavailable data so that
they will be available to future researchers. Some data have already been located during the
course of this study.

GENERAL SITE INFORMATION

The availability of general site-related information is assessed in this section. This includes site
identification, location, report availability, and important dates associated within each SPS-6 site.
This information was obtained from a variety of sources, such as the IMS database, construction
reports, and deviation reports. It is important that the integrity of all of these sources be assessed.

As discussed above, the EXPERIMENT SECTION table is a key table in the IMS database.
This table contains records for all SPS-6 sections. Most of the sections are at level E except for
the three sites (Alabama, Missouri (A), and Tennessee) that are at level A. These three States
have a level A record status because there are no values available in the BASIC INFO RS
column. No information relative to these three sites will be released until the record status
reaches level E. In addition, all supplemental sections have a record status of “*”, indicating that
these sections are not subjected to the QC review that the core sections must meet. Therefore, the
supplemental sections are only available when requested by that particular State agency.

The general SPS-6 site-level information is fundamental to the experiment and is very important
to the overall understanding of the sites. Unfortunately, no SPS-6 site information is currently
available in the INV_ID table (as of August 1999). This table contains general site information
for each site in the experiment, such as the route, county, location, etc. Because no information
was available in the SPS_ID table, the information provided in tables 7 and 8 was obtained from
the construction reports instead of the SPS_ID table. Tables 7 and 8 list some of the general State
information and reports that are available for each site. The construction reports, in combination
with the data available in the IMS database, are necessary to fully research this experiment.

The ages of the initial construction and rehabilitation are also part of the general information
required for analysis of this experiment. The approximate average construction dates for each
SPS-6 site are listed in table 9. This table summarizes the construction date of the original (bare)
PCC and the date that it was initially opened to traffic. In addition, this table includes the
beginning and ending dates of the SPS-6 rehabilitation efforts. If both the beginning and ending
rehabilitation dates are not known, then the same date is listed for both the beginning and ending
dates. This table shows that the PCC age, based on an August 1, 1999 date, ranges from 20.7 to
41.3 years and that they were rehabilitated between 1 and 10 years ago. Of the 170 SPS-6
sections, only 6 have been deassigned and listed in table 10. Deassigned sections have been
removed from the study for various reasons, such as excessive roughness or distress.
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Table 7. SPS-6 general site information and report availability.

State Information Construction Report
Abbreviation Code Name SHRP Availability
Region

AL 01 Alabama S v
AZ 04 Arizona ALY v
AR 05 Arkansas S v
CA 06 California W v
IL 17 Ilinois NC v
IN 18 Indiana NC

1A 19 Iowa NC v
MI 26 Michigan NC v
MO 29 Missouri NC v
MO(A) 29(A) Missouri NC

OK 40 Oklahoma S v
PA 42 Pennsylvania NA v
SD 46 South Dakota NC v
TN 47 Tennessee S v

NA = North Atlantic Region
NC = North Central Region

S = Southern Region
W = Western Region

Table 8. SPS-6 site location information.

State County Route No. Functional Class Lanes
AL Etowah Interstate 59 Rural Principal Arterial-Interstate 2
AZ Coconino Interstate 40 Rural Principal Arterial-Interstate 2
AR Jefferson U.S. 65 Rural Principal Arterial-Other 2
CA Siskiyou Interstate 5 Rural Principal Arterial-Interstate 2
IL Champaign Interstate 57 Rural Principal Arterial-Interstate 2
IN Marshall U.S. 31 Rural Principal Arterial-Other 2
1A Polk Interstate 35 Rural Principal Arterial-Interstate 2
MI Bay U.S. 10 Rural Principal Arterial-Other 2
MO Harrison Interstate 35 Rural Principal Arterial-Other 2
MO(A) Washington SR 8 Rural Principal Arterial-Other 2
OK Kay Interstate 35 Rural Principal Arterial-Interstate 2
PA Centre Interstate 80 Rural Principal Arterial-Interstate 2
SD Brown U.S. 12 Rural Principal Arterial-Other 2
TN Madison Interstate 40 Rural Principal Arterial-Interstate 2
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Table 9. Initial construction and rehabilitation dates for SPS-6 projects.

Initial PCC Rehabilitation PCC Age SPS-6

State - ' Rehabilitation
Begin _ Open _to Begin Open _to years Age, years
Construction Traffic Traffic '

AL N/A 1/01/64* 3/04/98 6/26/98 35.7 1.2
AZ 9/01/66 1/01/67 6/19/90 10/06/90 32.7 8.9
AR 12/01/78 1/01/79 10/01/96 12/17/96 20.7 2.7
CA 11/01/73 8/01/74 5/04/92 9/01/92 25.1 7.0
IL 6/01/64 4/01/65 3/27/90 6/11/90 34.4 9.2
IN 1/01/72 1/01/74 6/11/90 8/30/90 25.7 9.0
1A 11/01/65 11/01/65 7/17/89 8/30/89 33.9 10.0
MI 6/01/58 6/01/58 5/30/90 5/30/90 41.3 9.3
MO 7/01/75 10/01/75 4/28/92** 8/21/92%* 23.9 7.0
MO(A) N/A 1/01/69* 6/22/98 9/03/98 30.7 1.0
OK 11/01/62 1/01/63 7/10/92 8/27/92 36.7 7.0
PA 9/01/68 9/01/68 8/19/92 9/30/92 31.0 6.9
SD 4/01/73 10/01/73 4/24/92 9/28/92 25.9 7.1
TN N/A 1/01/66* 3/11/96 6/08/96 33.7 3.2

N/A = not available

*Obtained from construction reports or the LTPP coordinating office.
**Based on North Central Regional Center Office (NCRCO) data sheets.

Table 10. Deassigned SPS-6 sections.

Sections Deassign Date
040601, 040602, and 040605 4/28/95
180601 7/27/93
290607 and 290659 9/02/95

CLIMATE

The SPS-6 database contains general environmental weather station data. The general
environmental information includes actual measurements from at least one nearby weather
station for each LTPP site. In addition, a site-specific statistical estimate based on as many as
five nearby weather stations is available. The estimates are called virtual weather stations (VWS)
and are stored in the IMS database. The IMS contains monthly and annual summary statistics.
Daily data for the VWS are kept offline. General environmental data that are available in the
IMS are derived from weather data originally collected from the National Climatic Data Center
and the Canadian Climatic Center.

The climatic information for each experiment is linked to an associated VWS. Table 11 shows
the VWS link associated with each SPS-6 site. Without this link, no climatic data can be
associated with the experiment. Currently, there are no climatic links established for Alabama,
California, and Missouri (A) at level E or non-level E status.
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Table

11. Data quality and availability for IMS table CLM_SITE VWS LINK.

State Section Number <_)f Records | Number of Records at |Percentage of Records
Available Level E at Level E
AL 600 0 0 N/A
AZ 600 1 1 100
AR A600 1 1 100
CA 600 0 0 N/A
IL 600 1 1 100
IN 600 1 1 100
1A 600 1 1 100
MI 600 1 1 100
MO 600 1 1 100
MO(A) 600 0 0 N/A
OK 600 1 1 100
PA 600 1 1 100
SD 600 1 1 100
N 600 1 1 100

N/A = not available

Based on the virtual weather links associated with each site presented in IMS table
CLM_SITE VWS LINK, the amount of available data for each VWS, including key

temperature and precipitation data, are assessed, as shown in table 12. Each site with a VWS link

has 17 to 39 years of climatic data available. In addition, all of the climatic data are at level E

status.
Table 12. SPS-6 years of key temperature and precipitation data available.
State Key Temperature, Key Precipitation, Percentage at Level E
years of data years of data
AL N/A N/A N/A
AZ 31 31 100
AR 18 18 100
CA N/A N/A N/A
1L 17 17 100
IN 25 25 100
1A 32 32 100
MI 39 39 100
MO 17 17 100
MO(A) N/A N/A N/A
OK 35 35 100
PA 29 29 100
SD 17 17 100
TN 33 33 100
N/A = not available
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TRAFFIC

Traffic data provide estimates of annual vehicle counts by vehicle classification and distribution
of axle weight by axle type. The annual traffic summary statistics are stored in the IMS database.
Data are supposed to be provided for each year since the road was opened to traffic. With few
exceptions (values based on annual average daily traffic (AADT)), the information applies only
to the lane being studied. ESALs for loading are estimated based on American Association of
State Highway and Transportation Officials (AASHTO) procedures.

Traffic data are collected using a combination of permanent and portable equipment by the
individual States/Provinces. Table 13 lists the number of years of traffic data stored in the IMS
database TRF. MONITOR BASIC INFO for each core SPS-6 section. Alabama, Arkansas,
Missouri (A), and Tennessee do not have any traffic data in the IMS database. Because these
sections are relatively new to the program, they probably have traffic information. However, as
of the date of this report, information had not been entered into the database. In addition, Arizona
and California have negative ESAL values for most of the AC-overlaid sections and, therefore,
have a non-level E record status.

By reviewing table 13, several observations about the quantity of the data stored in the IMS can
be made:

e Most of the sites do not have all of the annual traffic data since rehabilitation occurred.

e Because the sections within a specific site are adjacent to each other, all of the sections
should have the same amount of traffic data and it should all be at the same record status.
Unfortunately, this is not the case. Depending on the site, traffic levels, years of available

data, record status, or any combination of these data may occur.

e Traffic data at these sites range from 0 to 100 percent at level E status.
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Table 13. SPS-6 years of traffic data available.

State Age of I?gvement Since Traffic Data at All Traffic Dataat | Percentage at
Rehabilitation, years Levels, years Level E, years Level E

AL 1.2 N/A N/A N/A

AZ 8.9 4109 2t05 50 to 56

AR 2.7 N/A N/A N/A

CA 7.0 3t06 2t03 40 to 50

IL 9.2 8 8 100

IN 9.0 3 3 100

1A 10.0 4 3 75

MI 9.3 8 6t08 75 to 100

MO 7.0 1 1 100

MO(A) 1.0 N/A N/A N/A

OK 7.0 3 0to3 0to 100

PA 6.9 1to?2 0 0

SD 7.1 3to4 3to4 100

TN 3.2 N/A N/A N/A

N/A = not available
Annual ESAL Estimate in the LTPP Lane

Table TRF_ MONITOR BASIC INFO was examined to identify SPS-6 records with annual
ESAL estimates. No traffic data are stored in the IMS for Alabama, Arkansas, Missouri (A), and
Tennessee. For those sites with traffic data, non-zero annual ESAL records were found for all
sites. In addition, Arizona and California have negative ESALs, which need to be examined and
corrected.

PAVEMENT STRUCTURE DATA

The pavement layer data for SPS-6 sections are available from IMS table TST LO05B. This table
was examined for the following pavement structure data elements:

e AC overlay thickness.

e PCC slab thickness.

e Base type and thickness.
e Subgrade type.

Data availability and QC levels for these data elements are summarized in table 14. This table

shows that 87 of 111 core sections (78 percent) have PCC slab thickness information at levels A
through E, while 85 of 111 sections (77 percent) have information at level E.
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Table 14. SPS-6 pavement structure QC levels currently in IMS database for TST LO5B.

Data Availability AC Thickness | PCC Thickness Base Layer Subgrade
Core Sections

At All Levels
(A Through E) 550f 70 87 of 111 87 of 111 102 of 111
At Level E Only 43 of 70 85of 111 86 0of 111 101 of 111
Percentage of Data at o o o o
All Levels (A Through E) 78% 78% 78% 92%
Percentage of Data at 61% 77% 77% 91%

Level E

Supplemental Sections

50 56 56 59

Supplemental Sections
With Data
Supplemental Sections
With Missing Data

5 2 2 0

Sites With Missing Data for Core and Supplemental Sections
State AL, AR, MO(A) | AL, AR, MO(A) | AL, AR, MO(A) AR, MO(A)

As mentioned in chapter 2, there are 112 core SPS-6 sections. Table 14 shows a total of 111
sections. This difference is because the data for section 060601 were not included in the data
dump at the time of analysis. It can also be noted that all sections do not have AC overlays.
Therefore, there are 70 core and 55 supplemental sections with AC overlays.

The following observations are made for the core sections of the SPS-6 experiment. Currently,
for levels A through E, 78 to 92 percent of the sections have data in the database for the PCC
slab, base layer, and subgrade. When reviewing the percentages of data at level E, 61 to 91
percent of the sections have data at level E. The AC layer has the lowest percentage of level E
data, while the subgrade has the highest percentage. In addition, all of the layer information for
the Arkansas and Missouri (A) sites is missing from the database, as is some of the layer
information for the Alabama site. This is a key table in the IMS database and it is very important
that this information be collected and entered in the database as soon as possible.

MATERIALS TESTING DATA

Field and laboratory tests are conducted to establish the material properties and characteristics
for LTPP sections. Characterization of the material properties and the variations in these
properties among and within the test sections is required to evaluate the causes of performance
differences among the test sections. It also provides a basis for improving the models used in
pavement design. The material characterization includes the parameters used in current pavement
design and mechanical analysis models. The engineering properties are generally required to
assess the characteristics and the behavior of the materials.

The sampling and testing program is conducted on many different types of materials, such as
PCC, AC, asphalt-treated base, cement-treated base, permeable asphalt-treated bases, and
unbound granular subbase materials. The sampling and testing requirements for the
preconstruction and post-construction laboratory testing plans described in the Specific Pavement
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Studies Materials Sampling and Testing Requirements for Experiment SPS-6 report were used to
determine the minimum testing requirements for each section.”’

The data available from the two IMS data requests (August 1999 and January 2000) were used in
the assessment of the sampling and testing program. The results for each site were tabulated and
are shown in appendix B. The results for each site are summarized into a single table as shown in
table 15. This table summarizes the minimum number of tests required for all core test sections.
It also includes the number of materials tests performed for each test and the amount of level E
data. The last two columns list the percentages of data at level E and the percentage of the
required tests that have been performed.

The data in table 15 show that many of the materials tests have nearly 50 percent or more of the
results at level E.

PAVEMENT MONITORING

Pavement monitoring is an ongoing process for all of the SPS-6 sections that are active in the
LTPP program. Monitoring activities include profile, falling-weight deflectometer (FWD),
faulting, manual distress, 35-mm (1.4-inch) photographic distress surveys (PASCO), rutting, and
friction collection. The data within each of these monitoring activities were divided into two
distinct categories. The first category includes all levels of data stored in the IMS database
(labeled as “All”), and the second category includes only IMS data at level E (labeled as “E
only”).

Table 16 summarizes the data availability for each SPS-6 site. These values represent the total
number of dates that a particular monitoring activity was performed for each section of a given
site. For example, for Oklahoma, manual distress data were collected 48 times. This is a
summation of all of the manual distress visits to sections 400601 through 400608. Therefore,
each section was probably visited once before being rehabilitated and about five times each after
construction. Of the 48 visits to the Oklahoma site, 47 visits are at level E status in the IMS
database. Based on these values, table 17 summarizes the percentage of data at level E.

Table 17 shows that for each monitoring type, 84 to 99 percent of the data in the IMS are
available. Manual distress and faulting monitoring collections have the greatest percentages of
non-level E data. Over time, it is anticipated that more of these data will be upgraded to level E
status as the QC procedure is periodically performed on the database.

Table 17 clearly indicates that some of the State sites have very limited amounts of monitoring
data in the IMS database, including Alabama, Arkansas, Missouri (A), and Tennessee. The lack
of monitoring activities for these States may be partially because of the age of the sections. Some
of these experiment sites were constructed close to the time of the preparation of this report and,
therefore, data may have been collected that have not yet been entered into the database because
of other factors. In addition to the four States mentioned above, California, Pennsylvania, and
South Dakota do not have any friction data.

However, despite these monitoring deficiencies, it can be seen that most of the data stored in the
IMS database are at level E. In other words, most of the States with monitoring activities have
100 percent, or reasonably close to 100 percent, of the data in the database available at level E.
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More detailed information regarding the specific number of monitoring activities per section is
included in appendix C. Appendix C lists the visit dates for each monitoring activity for each
section of a site. In addition, the table in appendix C includes the visits for monitoring activities
for each of the State supplemental sections.
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Table 15. Summary of materials testing for all SPS-6 core pavement sections.

Minimum Number Number Percentage | Percentage
Test Number per Conducted at -
Layer Conducted Level E at Level E | of Required
Subgrade: Sieve analysis 42 28 20 71 67
E}C/ﬁ§ometer to 0.001 mm (0.000039 4 34 20 59 3]
Atterberg limits 42 31 31 100 74
Classification 84 34 27 79 40
Moisture-density relationships 42 31 31 100 74
Resilient modulus 42 10 6 60 24
Unit weight 84 6 6 100 7
Natural moisture content 42 44 44 100 105
Unbound Base and Subbase:
Particle size analysis 42 20 15 75 48
Sieve analysis 42 20 15 75 48
Atterberg limits 42 20 10 50 48
Moisture-density relationships 42 20 20 100 48
Resilient modulus 42 0 0 0 0
Classification 42 20 15 75 48
Permeability 42 3 2 67 7
Natural moisture content 42 33 31 94 79
Treated Base:
Type and classification of material and treatment 42 7 7 100 17
Pozzolanic/cementitious: Compressive strength 42 5 5 100 12
Dynamic modulus at 25 °C (77 °F) 42 0 0 0 0
Portland Cement Concrete:
Compressive concrete strength 140 72 71 99 51
Splitting tensile strength 140 65 60 92 46
P fficient of thermal
FOC couticintof hema 2 N
Static modulus of elasticity 84 45 38 84 54
PCC unit weight 140 54 53 98 39
Core examination/thickness 322 168 168 100 52
Asphalt Concrete: Core examination/thic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>